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Abstract 

Background Arterial stiffness and homocysteine are both powerful predictors of cardiovascular disease, especially in older popula- 
tions. Previous studies have investigated the association of homocysteine with arterial stiffness in human subjects, while the relationship 
between homocysteine and arterial stiffness in the elderly is still indefinite. The current study examined the association of homocysteine with 
arterial stiffness in Chinese community-based elderly persons. Methods We related serum levels of homocysteine to two measures of arte- 
rial stiffness (carotid-femoral pulse wave velocity (PWV) and carotid-radial PWV) in 780 participants (46.3% men, mean age 71.9 years 
(ranging 65-96 years old)) from two communities of Beijing, China. Arterial stiffness were measured within two days of the time of bio- 
marker measurement. Results In multiple-adjusted models, homocysteine levels was strongly associated with the carotid-femoral PWV 
(standardized P = 0.13, P < 0.001), even after adjustment for classical risk factors of cardiovascular disease. The association is also stronger 
when the carotid-femoral PWV is elevated above normal, whereas no significant association with homocysteine was observed for ca- 
rotid-radial PWV. Conclusions In Chinese elderly persons, serum homocysteine levels are associated with alterations of aortic stiffness. 
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1 Introduction 

Arterial stiffness gradually occurs with aging and has 
been increasingly recognized as a strong predictor of future 
fatal and nonfatal cardiovascular disease, especially in older 
individuals. '^'"^^ Structural and functional abnormalities of 
the arterial wall can be assessed by noninvasive, reproduci- 
ble, and relatively inexpensive techniques, one of which is 
pulse wave velocity (PWV) measurement. '^^^ Aortic stiffness 
expressed as aortic PWV offers an extremely powerful and 
independent predictor of cardiovascular mortality in elderly 
populations.'^'*^ The alteration of arterial elasticity is pro- 
posed to be a function of a complex interaction with age, 
hypertension and multiple conventional risk factors of car- 
diovascular disease.'*^ 

Elevated serum homocysteine has been considered as 
another independent risk factor among elderly persons for 
cardiovascular diseases, as well as subsequent mortality. '^"'"^ 
The relationship of homocysteine with these diseases may 



Correspondence to: Ping Ye, MD, PliD, Department of Geriatric Cardiol- 
ogy, Chinese PLA General Hospital, Beijing 100853, China. 
E-mail: yeping301@sina.com 

Telephone: +86-10-66876369 Fax: +86-10-66876349 
Received: November 7, 2013 Revised: Januaiy 16, 2014 
Accepted: January 22, 2014 Published online: March 20, 2014 



be mediated by its adverse effects on vascular endothelium 
and smooth muscle with resultant alterations in subclinical 
arterial structure and function. Among the putative mecha- 
nisms that these effects exert on are increased vascular 
smooth muscle cell proliferation, oxidative damage, endo- 
thelial dysfunction, increased collagen synthesis and dete- 
rioration of elastic material of the arterial wall.'""'^^ 

Investigators have reported a significant association of 
serum homocysteine concentration with different indices of 
arterial stiffness, including pulse pressure and aortic stiff- 
ness as assessed by carotid-femoral PWV in the general 
population.''"*"'^^ While in older subjects who have multiple 
cardiovascular risk factors, findings are still inconsistent.''^ '^^ 

The aim of our study was to determine whether there ex- 
ists an association between homocysteine concentration and 
arterial stiffness in the elderly. We related serum levels of 
homocysteine to two vascular functional measurements 
(carotid-femoral PWV and carotid-radial PWV) in a com- 
munity-based sample from Beijing, China. 

2 Methods 

2.1 Study population and design 

This was a community-based cross-sectional study of 
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people living in the Pingguoyuan area of the Shijingshan 
district, a metropolitan area of Beijing, China. Originally, a 
total of 1,148 permanent residents aged 65 years, or older, 
were eligible to enroll as members of the study after a rou- 
tine health check-up between September 2007 and January 
2009. Thirty-one subjects with bedridden status, mental 
illness, and severe systemic diseases were excluded fi-om 
the analysis. 

Arterial stiffiiess assessments were performed in 1,107 
subjects. Adequate measurements were either not attempted, 
or not obtained, in 83 participants. Excluding them, the ho- 
mocysteine results were available fi^om 904 participants. 
After excluding 124 participants for overt CVD, 780 sub- 
jects (mean age 71.9 years; range 65-96 years) comprised 
the present study. 

The study was approved by the ethics committee of the 
Chinese People's Liberation Army (PLA) General Hospital, 
and each participant provided written informed consent. 

2.2 Clinical data collection 

Trained physicians and nurses provided health assess- 
ments using standardized structured interviews and com- 
prehensive clinical examinations. The health assessment 
covered medical history, family history of CVD, and life- 
style. Body mass index (BMI) was calculated as weight in 
kilograms divided by the square of height in meters. Two 
blood pressure recordings were obtained from the right arm 
of participants; measurements were taken at 5-min intervals 
and the mean values were calculated. The categories for 
smoking were never smoking, previously smoking, and 
currently smokmg. Hypertension was defined as a mean of 
three independent measures of blood pressure > 140/90 
mmHg, or current use of antihypertensive drugs. Diabetes 
mellitus (DM) was defined as a fasting glucose > 7.0 
mmol/L, nonfasting glucose > 11.1 mmol/L, or current use 
of anti-diabetic agents. The estimated glomerular filfration 
rate (eGFR) was estimated with the re-expressed four-va- 
riable Modification of Diet in Renal Disease (MDRD) equ- 
ation: eGFR (mL/min per 1 .73 m^) = 175 x standardized Scr 
- 1.154 X age - 0.203 (if female, x 0.742), where Scr is 
serum creatinine concenfration (mg/dL).^''^ 

2.3 Biomarker variable determination 

Blood samples were obtained between 8 a.m. and 10 a.m. 
after participants fasted overnight. The samples were cen- 
trifuged within 2 h, and stored at -80 °C until assays were 
performed. Concentrations of fasting glucose, total choles- 
terol (TC), triglyceride (TG), high-density lipoprotein cho- 
lesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C) were determined on a Roche autoanalyser (Roche 



Diagnostics, Indianapolis, IN). Concenfrations of homocys- 
teine were determined by high-performance chromatogra- 
phy with fluorometric detection using a Dimension RxL 
Max analyzer (Siemens Healthcare Diagnostics Inc., Ger- 
many). High sensitive C reactive protein (hsCRP) was 
measured using immunoturbidometry (Siemens Healthcare 
Diagnostics Inc., Germany). All biochemical evaluations 
were performed by well-trained personnel blinded to clini- 
cal data in the Department of Biochemistry of Chinese PLA 
General Hospital. 

2.4 Assessment of arterial stiffness 

Arterial stiffiiess was assessed within two days after the 
collection of blood samples, within the moming, in a quiet 
environment, and at stable temperature. Subjects were re- 
quested to abstain from caffeine, smoking and alcohol for at 
least 12 h before the assessment was performed. Regional 
arterial stiffness was assessed by automatic carotid-femoral 
and carotid-radial PWV measurements using the Complior 
Colson device (Createch Industrie, France); the technical 
characteristics of this device have been described.^^"^ PWV 
along the artery was measured by using two strain-gauge 
fransducers. The procedure is noninvasive and uses a 
TY-306 Fukuda pressure-sensitive transducer (Fukuda 
Denshi Co, Japan) that is fixed transcutaneously over the 
course of a pair of arteries separated by a known distance; 
the carotid, femoral, and radial arteries (all on the right side) 
were used. During preprocessing analysis, the gain of each 
waveform was adjusted to obtain an equal signal for the two 
waveforms. During PWV measurements, after pulse wave- 
forms of sufficient quality were recorded, the digitization 
process was initiated by the operator, and automatic calcula- 
tion of the time delay between two upsfrokes was started. 
Measurements were repeated over 10 different cardiac cy- 
cles, and the mean value was used for the final analysis. 
PWV was calculated from the measurement of the pulse 
fransit time and the distance traveled by the pulse between 
the two recording sites (measured on the surface of the body 
in meters), according to the following formula: PWV (m/s) 
= distance (m)/fransit time (s). 

2.5 Statistical analyses 

Continuous variables are presented as mem ± SD or me- 
dian (with inter-quartile range); dichotomous variables are 
presented as numbers and percentages. The continuous 
variables were tested for normality before being tested. 
Homocysteine was natural logarithmically transformed to 
normalize its distribution. Differences in baseline levels of 
risk factors, clinical characteristics and arterial stiffiiess 
measures (carotid-femoral PWV and carotid-radial PWV) 
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between participants with high homocysteine level (> 15 
(xmol/L) and normal homocysteine level (< 15 (xmol/L)^"'^ 
were analyzed with chi-square or t tests; the Wilcoxon 
two-sample test was used for continuous variables that were 
not normally distributed. 

Associations between arterial stiffiiess measures (ca- 
rotid-femoral PWV and carotid-radial PWV) and levels of 
homocysteine (natural logarithm transformed) were inves- 
tigated by stepwise multiple linear regression analysis, hi 
multiple linear models, the dependent variable is continuous 
(fitting normal distribution) and the independent variables 
are either continuous, or categorical variables. Regression 
models were adjusted for age and sex (Model 1) and addi- 
tionally for hypertension, DM, current smoking, BMI, 
cGFR, and levels of serum TG, TC, HDL-C, LDL-C and 
hsCRP (Model 2). 

hi addition, we assessed the association of homocysteine 
level with carotid-femoral PWV (elevated (> 12 m/s) versus 
normal level (< 12 m/s))'^^^' by means of logistic regression 
models. Forward stepwise multiple logistic regression anal- 
ysis was performed to obtain the odds ratios (OR) and 95% 
confidence intervals (CI), hi multiple logistic models, the 



the dependent variable is carotid- femoral PWV (elevated (> 
12 m/s) versus normal level (< 12 m/s)) and the independent 
variables are either continuous, or categorical variables (the 
same as variables in linear models). 

Data were analyzed using Stata software (version 9.0; 
Stata Corporation, College Station, TX). A two-sided value 
of P < 0.05 was considered significant. 

3 Results 

3.1 Study sample characteristics 

Altogether, we included 780 participants in the present 
study. The mean age of participants was 71.9 ± 7.8 years 
and 46.3% were men. Clinical characteristics of the study 
sample, values of biomarkers and mean arterial stiffness 
values are presented in Table 1 . 

Among participants with high homocysteine levels, num- 
bers with mildly elevated homocysteine levels (> 15 |^mol/L, 
< 25 |j,mol/L), moderately elevated levels (> 25 [imol/L, 
<100 (xmol/L) were 487 and 155, respectively. None of the 
participants had a higher level than 100 ^mol/L homocys- 
teine. 



Table 1. Characteristics of the study sample. 



Characteristics 


AU subjects (n = 780) 


Homocysteine groups 
Low (< 15^mol/L, n = 138) High (> 15 (imol/L, n = 642) 


P value 


Age, yrs 


71.7 ±4.7 


70.7 ±4.4 


71.9 ±4.7 


0.009 


Men, % 


47.3 


33.3 


50.3 


< 0.001 


BMI, kgW 


22.4 ± 9.0 


16.9± 11.9 


23.6 ±7.7 


< 0.001 


SBP, mm Hg 


122.1 ±24.4 


120.6 ±28.2 


122.4 ±23.5 


0.438 


DBF, mm Hg 


72.3 ± 14.8 


71.6± 15.8 


72.4 ± 14.5 


0.551 


TC, mmol/L 


5.04 ±1.00 


5.18 ±1.10 


5.01 ±0.98 


0.068 


TG, mmol/L 


1.47(1.09, 2.05) 


1.48(1.14, 2.01) 


1.46(1.08, 2.06) 


0.499 


HDL-C, mmol/L 


1.37 ±0.38 


1.40 ±0.44 


1.36 ±0.36 


0.307 


LDL-C, mmol/L 


3.03 ±0.76 


3.11 ±0.82 


3.01 ±0.76 


0.136 


Fasting glucose, mmol/L 


5.37 ±1.61 


5.34 ± 1.21 


5.38 ±1.68 


0.819 


Homocysteine, \xmoVL 


19.1(16.1,23.5) 


13.5(11.5, 14.4) 


20.4 (17.8, 24.8) 


< 0.001 


hsCRP, mg/L 


0.25 (0.15, 0.38) 


0.26(0.18, 0.38) 


0.24(0.14, 0.38) 


0.077 


eGFR, mL/min per L73 m^ 


84.4 ± 14.2 


87.2 ± 12.8 


83.8 ± 14.4 


0.011 


Carotid-femoral PWV, m/s 


12.9 ±3.8 


12.2 ± 4.2 


13.1 ±3.7 


0.012 


Carotid-radial PWV, m/s 


9.18 ±2.0 


9.00 ±2.42 


9.21 ± 1.90 


0.25 


Current smoking, % 


27.8 


19.5 


29.6 


0.017 


Diabetes, % 


17.7 


21.1 


16.9 


0.116 


Hypertension, % 


50.1 


45.7 


51.1 


0.305 


Data are presented as mean ± SD, percent or median (quartile 1, quartile 3) as indicated. BMI: body mass index; DBP: diastolic blood pressure; cGFR: esti- 
mated glomerular filtration rate; HDL-C: high-density lipoprotein cholesterol; hsCRP: homocysteine and high sensitive C reactive protein; LDL-C: low-density 
lipoprotein cholesterol; PWV: pulse wave velocity; SBP: systolic blood pressure; TC: total plasma cholesterol; TG: triglycerides. 
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3.2 Difference of arterial stiffness measures in subjects 
witli different liomocysteine levels 

The carotid-femoral PWV was significantly higher in 
the high homocyteine group than in the normal homocys- 
teine group (P = 0.01, Figure lA), however, there was no 
differences in carotid-radial PWV between the high ho- 
mocyteine group and the normal homocysteine group 
(Figure IB). 

3.3 The relationship between homocysteine and arte- 
rial stiffness measurements 

Homocysteine levels were significantly related to ca- 
rotid-femoral PWV {P < 0.001) by linear regression analysis, 
whereas no association was found with carotid-radial PWV 
(Table 2). In the adjusted models (1 and 2), the relationship 
between homocysteine and carotid-femoral PWV remained 
statistically significant {P < 0.003). According to demo- 
graphic and clinical indices, age, gender and mean arterial 
pressure were the most important influencing factors for the 
arterial stiffness measurement (Table 2). 
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Figure 1. Carotid-femoral (A) and carotid-radial (B) pulse 
wave velocity (PWV) in high and normal homocysteine (HCY) 
group. 



Table 2. Linear regression analysis for the association between arterial stiffness measures and levels of homocysteine in the elderly. 

Measures of arterial stiffness 



Carotid-femoral PWV 



Carotid-radial PWV 



P (95% CI) 



Standard p 



P Value 



p (95% CI) 



Standard p 



P Value 



Unadjusted 
Model 1 
Model 2 



1.36(0.61-2.12) 
1.19(0.41-1.97) 
1.52 (0.69-2.35) 



0.13 
0.11 
0.14 



< 0.001 
0.003 

< 0.001 



0.39 (-0.01-0.79) 0.07 
0.24 (-0.17-0.65) 0.04 
0.32 (-0.11-0.76) 0.06 



0.053 
0.25 
0.114 



Carotid-femoral PWV, carotid-radial PWV and levels of homocysteine were considered as continuous variable; levels of homocysteine were natural logarithm 
transformed. Model 1 is adjusted for age and sex; Model 2 is additionally adjusted for hypertension, diabetes mellitus, current smoking, body mass index, the 
estimated glomerular filtration rate and levels of semm triglycerides, total plasma cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein 
cholesterol and homocysteine and high sensitive C reactive protein. PWV: pulse wave velocity. 



Table 3. Logistic regression analysis for the association be- 
tween carotid-femoral PWV and levels of homocysteine in the 
elderly. 





Carotid-femoral PWV 


Odds Ratio (95% CI) 


P Value 


Unadjusted 


1.79(1.17-2.74) 


0.008 


Model 1 


1.66(1.07-2.58) 


0.025 


Model 2 


1.71 (1.06-2.77) 


0.028 



Odds ratios for Carotid-femoral PWV are elevated (> 12 meters/s) versus 
normal levels (< 12 meters/s). Model 1 is adjusted for age and sex. Model 2 
is additionally adjusted for hypertension, diabetes mellitus, current smoking, 
body mass index, the estimated glomerular filtration rate, levels of serum 
triglycerides, total plasma cholesterol, high-density lipoprotein cholesterol, 
low-density lipoprotein cholesterol, homocysteine and high sensitive C 
reactive protein. PWV: pulse wave velocity. 



In addition, the association of homocysteine levels with 
elevated carotid-femoral PWV was stronger than that ob- 
served with nomal carotid-femoral PWV (P < 0.01). In the 
adjusted models (1 and 2), the relationship remained statis- 
tically significant (Table 3). 

4 Discussion 

This is the first study to investigate the relationship be- 
tween homocysteine and arterial stiffness in a community- 
dwelling, elderly sample. From the present study, we found 
that serum homocysteine concentration was positively asso- 
ciated with central artery stiffiiess (carotid-femoral PWV), 
while levels of homocysteine were not related with periph- 
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era! artery stiffness (carotid-radial PWV) in the elderly sub- 
jects. Importantly, homocysteine was an independent pre- 
dictor of central arterial stiffness in the older population after 
controlling for age, gender as well as other conventional 
cardiovascular risk factors. Furthermore, elevated carotid- 
femoral PWV showed a stronger association with homo- 
cysteine levels than normal carotid- femoral PWV. 

Few studies have investigated the association of homo- 
cysteine with arterial stiffness in the elderly. In a population 
based sample of 376 middle-aged and elderly men, Nak- 
hai-Pour, et al}^^^ found that homocysteine concentration 
was associated with large artery stiffness and thickness in 
crude analysis but not afl:er adjustment for classical risk 
factors of cardiovascular disease. Potential explanations for 
the findings of Nakhai-Pour could be that the study had 
modest sample size and was exclusively performed in men. 
Recently, van Dijk, et al^^^ concluded that the homocys- 
teine level was independently and significantly associated 
with aortic stiffening in the elderly and particularly in the 
oldest old subjects from the cross-sectional B-PROOF 
(B-Vitamins for the PRevention Of Osteoporotic Fractures) 
trial. However, the B-PROOF trial included only partici- 
pants with hyperhomocysteinemia. In the present study we 
observed a consistent and strongly positive association of 
homocysteine with aortic (carotid- femoral) PWV based on a 
large community-based cohort of older subjects who were 
not selected on gender difference, or the basis of biomarker 
levels. 

The possible mechanisms which may explain the rela- 
tionship between hyperhomocysteinemia and aortic stiffiiess 
are not yet fully well estabhshed. Main hypotheses are that 
homocysteine plays a potential role in remodeling of the 
arterial wall leading to vascular damage. Elevated homo- 
cysteine levels enhance oxidative stress and inflammation of 
vascular endothelial cells, reduce the production and bio- 
availability of nitric oxide, a strong relaxing factor by the 
endothelium.'^^^^ Hyperhomocysteinemia induced endothe- 
lial dysfunction may further stimulate vascular smooth 
muscle cell proliferation and matrix deposition of sulfated 
glycosaminoglycans, which impair endothelium-dependent 
vasodilatation.''*' Increased homocysteine levels also pro- 
mote platelet adhesion to endothelial cells and are associ- 
ated with higher levels of prothrombotic factors, such as 
P-thromboglobulin, tissue plasminogen activator and factor 
VIIc, which lead to the augmentation of thrombus forma- 
tion.'^^ In addition, Yun, et alF^"^ showed that enhanced 
arterial stiffness in hyperhomocysteinemia might be attrib- 
uted, in part, to homocysteine-related LDL atherogenicity, 
such as small LDL particle size and oxidative modification 
ofLDL. 



There are several potential factors which may explain the 
relation between homocysteine and central artery stiffness 
in elderly. Gori, et alP^ observed that in subjects aged > 65 
years, interleukin 6 (IL-6) and interleukin 1 receptor an- 
tagonist were independent predictors of homocysteine con- 
centration. This mild proinflammatory state may induce the 
structural and functional alteration of the arterial wall. In 
addition, an experimental study had demonstrated that low 
folate concentrations resulted in elevation of homocysteine, 
which may combine with the elevated homocysteine and 
contributed to arterial permeability and stiffness. '^'^ In eld- 
erly individuals, low to low-normal concentrations or defi- 
ciencies of folate resulting from a number of factors (eg., 
reduced intake, impaired absorption, interactions with me- 
dications) are not uncommon. Moreover, age itself, as the 
most important cardiovascular risk factor, strengthened the 
ill effects of homocysteine on central artery stiffness. 

The effects of homocysteine on central, predominantly 
elastic artery, and peripheral, predominantly muscular artery 
are different. It may be attributed to the different structural 
and functional properties of the arterial wall within the arte- 
rial tree. In a experimental study of minipigs, mild hyper- 
homocysteinemia was found to cause an arterial, site-depen- 
dent deterioration of the elastic structure involving metallo- 
proteinase-related elastolysis.'^**^ Nevertheless, future re- 
search will be necessary to investigate the imderlying me- 
chanisms. 

In this study, we observed that the associations between 
homocysteine and aortic stiffness were stronger in subjects 
with elevated carotid-femoral PWV than with normal ca- 
rotid-femoral PWV. This result might be explained by the 
fact that elevated central artery PWV is related to more car- 
diovascular risk factors, and all together, increase the sus- 
ceptibility of the arterial wall to the influence of elevated 
homocysteine. 

There are several strengths to our study. First, to the best 
of our knowledge, the present investigation is the first large 
community-based study evaluating the association of ho- 
mocysteine with alterations in arterial stiffness in a rela- 
tively large sample of elderly subjects. Second, unlike the 
previous studies that selected subjects on either gender or 
homocysteine level differences, the present study was based 
on a sample in which selection bias was inherently low. 
Third, well-characterized cardiovascular risk factors enable 
adjustment for a wide range of other covariates that may 
have confounded the association of biomarkers with vascu- 
lar data. 

However, the present study had several potential limita- 
tions. First, the present study was performed in Chinese 
residents from two communities in Beijing, thus the results 
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may not represent Chinese from other areas of China, and 
might not be applicable to other ethnic groups who may 
have a different pattem in biomarkers, or in vascular stiff- 
ness. Second, this cross-sectional study was not designed to 
establish causal relationship, which should be confirmed by 
longitudinal and interventional studies. Finally, whereas the 
results were adjusted for multiple covariates that may be 
associated with circulating homocysteine levels, or with 
altered vascular properties, the possibility of the existence of 
residual confounding factors remains, such as the profile of 
vitamin B12 and folic acid, hereditary factors, and several 
negative lifestyle factors (e.g., alcohol intake and low phys- 
ical activity). 

In conclusion, this study demonstrated a clear association 
between homocysteine level and aortic stiffiiess in elderly, 
indicating that homocysteine may be involved in artery stif- 
fening in older population. Considering the cross-sectional 
design of the present study, the contributions of serum ho- 
mocysteine measurement in risk assessment and risk reduc- 
tion sfrategies in older population requires fiirther investiga- 
tion by prospective, interventional studies. 
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